Nicotinic acetylcholine receptors (AChR) belong to a family of proteins that form ligand-gated transmembrane ion channels. They are involved in the fast transmission of signals between cells and the control of intercellular communication in the nervous system. A variety of therapeutic agents and abused drugs, including cocaine, inhibit the AChR and monoamine transporters and interfere with nervous system function. Here we describe a mechanism-based approach to prevent this inhibition. We had previously developed presteady-state kinetic (transient kinetic) techniques, with microsecond-to-millisecond time resolutions, for investigations of reactions on cell surfaces that allow one to determine the effects of inhibitors not only on the channel-opening probability but also on the opening and closing rates of the AChR channel. The transient kinetic measurements led to two predictions. T he nicotinic acetylcholine receptor (AChR) is the prototypical member of a family of structurally related membrane proteins, the ligand-gated ion channels (1). These proteins regulate intercellular communication between the approximately 10 12 cells of the mammalian nervous system, a process considered essential for brain function (2). Many therapeutic agents and abused drugs affect their function (3). For instance, the AChR is inhibited by the anticonvulsant MK-801 [(ϩ)Ϫdizocilpine] (4-6) and by several abused drugs, including cocaine (7-9). Cocaine affects more than three million people annually in the United States alone, at an estimated cost to society of more than 100 billion dollars.
T
he nicotinic acetylcholine receptor (AChR) is the prototypical member of a family of structurally related membrane proteins, the ligand-gated ion channels (1) . These proteins regulate intercellular communication between the approximately 10 12 cells of the mammalian nervous system, a process considered essential for brain function (2) . Many therapeutic agents and abused drugs affect their function (3) . For instance, the AChR is inhibited by the anticonvulsant MK-801 [(ϩ)Ϫdizocilpine] (4-6) and by several abused drugs, including cocaine (7) (8) (9) . Cocaine affects more than three million people annually in the United States alone, at an estimated cost to society of more than 100 billion dollars.
Understanding the mechanism of the AChR and its inhibition is a longstanding and challenging problem (10) with major implications for medicine and drug addiction (11) (12) . Two decades ago, single-channel current-recording (13) measurements led to the proposal of a simple and generally accepted mechanism in which inhibitors enter the open channel and block it (14-17) (the channel-blocking mechanism, Mechanism A in Fig. 1 ). Although several variations of this open-channelblocking mechanism have been proposed, including the conversion of an inhibitor-bound closed-channel conformation to a blocked open-channel form (18-21) (Mechanism B, Fig. 1 ), the open-channel-blocking mechanism, based mainly on singlechannel current or other steady-state kinetic measurements (14) (15) (16) (17) (18) (19) (20) (21) , has met the test of time during the last 20 years. In the techniques used for those measurements, the channel-activating ligand is in quasi equilibrium (steady state) with the receptor. The question we asked was: Can additional information about the receptor-mediated reactions be obtained by using presteadystate kinetic techniques? Recently, presteady-state kinetic techniques that are suitable for measuring receptor-mediated reactions on cell surfaces in the millisecond-to-microsecond time region were developed (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . The time resolution of the laser-pulse photolysis technique (23) (24) (25) (26) ) is sufficient to investigate the reaction before the channel has opened. One can, therefore, obtain information about the rate constants of channel opening (k op ) and closing (k cl ), the equilibrium constants for channel opening (⌽ Ϫ1 ) and neurotransmitter binding to the site controlling channel opening (K 1 ) (reviewed in ref. 25 ). The technique allowed us to ask questions, the answers to which are critical for understanding the mechanism of receptor-mediated reactions (reviewed in ref. 25 ). Moreover, as we shall demonstrate, the answers are critical for the discovery of ligands that prevent inhibition of the AChR. Is it possible that the receptor has regulatory (allosteric) sites on both the closed-and openchannel conformation? Can compounds bind to the regulatory site on the open conformation without blocking the channel? Does receptor inhibition arise when compounds bind with higher affinity to the regulatory site on the closed-channel conformation than to the site on the open-channel conformation, thereby shifting the equilibrium between the two forms to the closedchannel one (Mechanism C, Fig. 1 )? Can compounds that bind to the allosteric site with equal or higher affinity for the open-channel form than for the closed-channel form displace inhibitors without themselves inhibiting the receptor?
Here we demonstrate that by using transient kinetic techniques (22) (23) (24) (25) (26) , one can obtain additional information about the inhibition mechanism.
Materials and Methods
Materials. Carbamoylcholine was purchased from Sigma and (ϩ)Ϫdizocilpine (MK-801) from Research Biochemicals (Natick, MA). ␣CNB-caged carbamoylcholine (N-[2-␣-carboxy]-2-nitrobenzyl-carbamoylcholine), synthesized according to Milburn et al. (23) , was a gift from Molecular Probes. The chemicals for cell culture and the buffers were purchased from GIBCO and Sigma.
RNA Aptamers. The preparation of the aptamers (RNA ligands) has been described (32) . All aptamer solutions contained 0.11 units per microliter of a DTT-independent ribonuclease inhibitor anti-RNase (Ambion), a concentration that had no effect on receptor activity when tested in cell-flow experiments but that did ensure stability of the aptamer (32) . Two types of RNA ligands with different consensus sequences were identified and designated as Class I or II aptamers (32) . The number after the Roman numeral designates an aptamer within a class. The sequences of the aptamers in Class I are given in Whole-Cell Current Recordings. Currents were recorded by using the whole-cell configuration (34) for 2 s at Ϸ22°C, Ϫ60 mV, and pH 7.4. The solution in the recording pipet contained 140 mM KC1, 10 mM NaCl, 2 mM MgCl 2 , 1 mM EGTA, and 25 mM Hepes, balanced to pH 7.4. The bath buffer solution contained 145 mM NaCl, 5.3 mM KCl, 1.8 mM CaCl 2 , 1.2 mM MgCl 2 and 25 mM Hepes, pH 7.4. Solutions were exchanged by using the cell-flow method as described (see below and refs. 22, 35, 36) . The resistance of the recording electrode filled with buffer solution was typically 3-5 M⍀ and the series resistance was 5-6 M⍀. The cells were held at a constant transmembrane voltage of Ϫ60 mV. Whole-cell currents were amplified by using an Axopatch 200B (Axon Instruments) amplifier and filtered by using a 4-pole, low-pass, Bessel filter incorporated in the amplifier, at 0.5-2 kHz (cell-flow) or 10 kHz (laser-pulse photolysis). The filtered signal was digitized by using a Labmaster DMA 100 kHz digitizing board (Scientific Solutions) controlled by Axon PCLAMP software. Typical digitizing frequencies were 1-5 kHz for cell-flow experiments and 20-40 kHz for laser-pulse photolysis experiments.
Cell-Flow Method. The cell-flow method (22) was used for rapid solution exchange and to calibrate the amount of carbamoylcholine released with the laser-pulse photolysis technique, to test for cell damage by the laser pulse, and to monitor the recovery of the receptor after the inhibitor had been removed by washing the cells (using the cell-flow device) (22, 27, 28) . The time resolution of this technique in experiments with the AChRcontaining BC 3 H1 cells is only 10 ms (22), which is 100 times slower than the time resolution of the laser-pulse photolysis technique. The observed current must, therefore, be corrected for receptor desensitization that occurs during the time interval in which the neurotransmitter equilibrates with the cell surface receptors. The theory and practice have been developed to make this correction (22) . The corrected current maximum observed in these experiments, a measure of the concentration of open receptor channels, agrees with the laser-pulse photolysis measurements (see below) which have a 100-fold better time resolution.
Laser-Pulse Photolysis Measurements. The laser-pulse photolysis method used has been described in detail (23-25, 27, 28) . A cell in the whole-cell current-recording mode (34) is equilibrated with a photolabile biologically inert precursor of the neurotransmitter (caged neurotransmitter) (23, 26) specific for the receptor to be investigated. On photolysis, the precursor releases the neurotransmitter within 100 s (23, 26-28). Photolysis is initi- Fig. 1 . Proposed mechanisms for the inhibition of AChR by MK-801 and cocaine. In each case, the upper line represents the minimum mechanism for the opening of the receptor-channel (10) . Receptor R binds the neurotransmitter L (or another activating ligand, for instance carbamoylcholine). Katz and Thesleff (10) first suggested the binding of at least two ligand molecules to the receptor before the receptor-channel opens. R, RL, and RL 2 represent the closed-channel conformations. RL2 represents the openchannel conformation of the receptor that allows inorganic cations to cross the cell membrane, thus initiating an electrical signal and intercellular communication. K 1 is the observed dissociation constant for the activating ligand. k op and kcl are the rate constants for channel opening and closing, respectively; ⌽ Ϫ1 (ϭkop͞kcl) is the channel-opening equilibrium constant (25, 43). The reactions shown occur in the microsecond-to-millisecond time region (13, (22) (23) (24) 44) . For clarity, the desensitization reaction, which in the case of the AChR occurs in the 100-to 500-ms time region (44, 45) , and the binding of the inhibitor I to the unliganded receptor form are not shown. The relatively slow transitions of receptor͞inhibitor complexes to nonconductive forms (6, 9, 30) . This minimum mechanism is based on chemical kinetic measurements and on predictions it makes regarding the properties of ligands that will inhibit the receptor and of those that will not inhibit the receptor but will prevent the binding of inhibitors. The principle of microscopic reversibility (37) requires that the ratio and K I͞KI ϭ ⌽ Ϫ1 ͞⌽ I0
Ϫ1
where ⌽ I0 Ϫ1 ϭ k * op͞k * cl. Therefore compounds that bind to a regulatory site with higher affinity for the closed-channel conformation than the openchannel form will shift the equilibrium toward the closed-channel form and inhibit the receptor. Compounds that bind to the open-channel conformation with equal or higher affinity than to the closed-channel form are expected to displace inhibitors from the regulatory sites without inhibiting receptor activity.
ated with a pulse of light generated by a Lumonics (Ontario, Canada) nitrogen laser ( ϭ 337 nm, pulse duration 9 ns). The output of the laser was coupled into an optical fiber [Fiberguide Industries (Stirling, NJ), 200 or 300 m in diameter], which delivered the light to the cell. The typical laser energies used were 2-8 mJ͞mm 2 , depending on the required concentration of released carbamoylcholine. A standard concentration (100 M) of carbamoylcholine was applied by using the cell-flow technique (22) before and after each photolysis experiment. The current amplitudes corrected for receptor desensitization (22, 35) were compared with the current amplitudes obtained in the laserpulse photolysis experiments and with standard curves that allow one to relate current amplitudes to carbamoylcholine concentration (24) . For each concentration of carbamoylcholine used, control experiments without inhibitor were performed, and the current amplitude corrected for receptor desensitization was taken as the 100% response.
Results and Discussion
In Mechanism A (Fig. 1 Mechanisms B and C (Fig. 1 ) differ in one important aspect. In Mechanism B, the complex of the inhibitor with the closedchannel form (IRL 2 ) gives rise to an inhibitor-blocked openchannel form. In contrast, in Mechanism C (Fig. 1) , IRL 2 is in equilibrium with an unblocked open-channel form, IRL 2 (open), to which the inhibitor is bound. As can be seen from Eq. II-C, Mechanism B requires that the observed rate constants for channel opening (k op ) and closing (k cl ) both decrease with increasing inhibitor concentration. In contrast, Mechanism C does not require this (see below). The laser-pulse photolysis technique (23-25, 27, 28) allows one to determine the effects of inhibitor concentration on both k op and k cl (Fig. 1) . A typical current vs. time trace (Upper) obtained in a laser-pulse photolysis experiment done with the AChR in a BC 3 H1 cell, and a caged derivative of carbamoylcholine, a well characterized analog of acetylcholine, is shown in Fig. 2A . The current rises rapidly and then reaches a plateau. From the rate of the current rise measured over a wide range of ligand concentration, k op and k cl (Fig. 1) , as well as the effects of inhibitors on them, were evaluated (6, 9, 29, 30; Eq. II-A-D).
The kinetic measurements make it possible to distinguish between the three proposed mechanisms of inhibition. With increasing inhibitor concentration does only k cl decrease (Mechanism A, Fig. 1 ) or do both k op and k cl decrease (Mechanism B), or is it possible that one of these rate constants actually increases with increasing inhibitor concentration (Mechanism C)?
In the case of the inhibitors MK-801 (6), cocaine (9) , and philanthotoxin-343 (30), the observed values obtained for k op or k cl do not simply decrease with increasing inhibitor concentration, as required by Mechanism B in Fig. 1 (Eq. II-C) . For instance, in the case of MK801, k cl increases with increasing inhibitor concentration, whereas k op does not change (6) . The simplest mechanism we can think of that is consistent with these (33) . The laser-pulse photolysis method was used as has been described in detail (23, 24, 27, 28) . Seventy micromolar carbamoylcholine was photolytically released from the 1-mM caged carbamoylcholine with which the cell was preequilibrated in the absence (Top) and presence (Bottom) of 500 M MK-801 or in the presence of both 500 M MK-801 and 2 M aptamer II-3 (Middle). The cell was preequilibrated (using a device described in ref. 27 ) for 200 ms with the compounds used in the experiments, and then a 9-ns laser pulse at 337 nm released free carbamoylcholine. At the concentration used, MK-801 does not contribute to the absorption of light at 337 nm. The whole-cell current thus induced was recorded at Ϸ22°C, Ϫ60 mV, and pH 7.4. The desensitization reaction, which occurs on a slower time scale, is not shown. In the upper trace, the current amplitude is 2.6 nA and in the lowest trace, it is 0.5 nA. In the middle trace, 2 M aptamer II-3 restores the current amplitude (2.3 nA) to about 90% of the noninhibited receptor amplitude (upper trace). The spikes seen in all three traces represent an instrument artifact. Nonlinear least-squares fitting (Marquardt algorithm) was performed by using Microcal ORIGIN. (B) Cell-flow experiments (22) with BC 3H1 cells containing the muscle-type AChR (33) . The whole-cell current was recorded for 2 s at Ϸ22°C, Ϫ60 mV, and pH 7.4. The upper traces parallel to the abscissa represent the current amplitudes corrected for receptor desensitization that occurs during the rising phase. For each concentration of carbamoylcholine used, control experiments without inhibitor were performed, and the current amplitude corrected for receptor desensitization was taken as the 100% response. All experiments were carried out in the presence of a constant concentration (0. (32) . In the presence of a constant concentration (4 M) of the aptamers, with which the cell was also preequilibrated for 2 s, over 50% of the receptors were inhibited in the presence of 100 M carbamoylcholine. They were not inhibited in the presence of 500 M carbamoylcholine, when the fraction of the receptors in the open-channel conformation is more than 2-fold larger than at 100 M carbamoylcholine.
results involves a cyclic equilibrium in which the channel is open with inhibitor bound (Mechanism C in Fig. 1 ). For this mechanism, the principle of microscopic reversibility (37) requires that the ratio of K I ͞K I (Fig. 1) is equal to the ratio of the channel-opening equilibrium constant in the absence (⌽ Ϫ1 ϭ k op ͞k cl ) and the presence (⌽ IO Ϫ1 ϭ k* op ͞k* cl ) of an inhibitor. This relationship predicts that ligands that bind to a regulatory site with higher affinity for the closed-channel conformation than for the open-channel form will shift the channel-opening equilibrium toward the closed-channel form, thus inhibiting the receptor. It further predicts that ligands that bind with equal or higher affinity to the regulatory site on the open-channel conformation will not affect the channel-opening equilibrium constant adversely. The latter type of ligand is expected to displace inhibitors from the regulatory site without itself inhibiting the receptor. Do such ligands exist?
To find such ligands, we explored the possibility of using combinatorially synthesized RNA ligands and the systematic evolution of ligands by exponential enrichment (SELEX) methodology (38) (39) (40) to isolate RNA ligands that bind to the cocaine site of the AChR in Torpedo californica electroplax membranes, which are rich in this receptor. From a very large pool (Ϸ10 13 ) of different RNA molecules, we obtained 24 RNA ligands that can be displaced from their binding site on the membrane-bound receptor by cocaine (32) . On the basis of their consensus sequence and their ability to inhibit the AChR in BC 3 H1 cells, these ligands were placed into one of two classes. All 14 Class I aptamers inhibited the AChR in BC 3 H1 cells in the nanomolar concentration region. Ten Class II aptamers, in the micromolar concentration region, had no activity in this assay.
Here, we have used two transient kinetic methods (reviewed in ref. 25), the laser-pulse photolysis (23, 24, 27, 28) and cell-flow (22) techniques, to test the predictions of the inhibition Mechanism C of the AChR in BC 3 H1 cells (Fig. 1) . Do aptamers that inhibit the receptor all bind with higher affinity to the closedchannel form than to the open form? Do Class II aptamers exist that not only do not inhibit the receptor but also protect it from inhibition?
In preliminary assays, Class I aptamer 14 (I-14) and Class II aptamer 3 (II-3) were shown to have the highest characteristic activity for each class of aptamer. Accordingly, these representative members of each aptamer class were tested in both laser-pulse photolysis (Fig. 2 A) and rapid-mixing cell flow (Figs.  2B, 3, and 4) experiments.
The results of cell-f low experiments done with AChRcontaining BC 3 H1 cells are shown in Fig. 2B . In the presence of 100 M carbamoylcholine, when only 30% of the receptors are in the open-channel conformation [as determined from carbamoylcholine concentration vs. receptor activity curves (22, 24) ], over 50% of the receptor activity is inhibited by 0.5 M aptamer I-14. When the concentration of aptamer I-14 is kept constant but the carbamoylcholine concentration is progressively increased (and consequently the fraction of the receptors in the open-channel conformation increases), progressively less inhibition by the aptamer is observed (Fig. 2B) . At 500 M carbamoylcholine, 0.5 M aptamer I-14 no longer inhibits the receptor (Fig. 2B Far Right) . This is predicted by Mechanism C (Fig. 1) . In this mechanism, ligands that bind to an allosteric site with higher affinity for the closed-channel conformation than for the open-channel one are expected to inhibit the receptor more strongly when the receptor is predominantly in the closedchannel conformation. Similar results were obtained with a mixture of 14 Class I aptamers (data not shown).
Mechanism C also predicts that ligands that bind to the same allosteric site as do inhibitors but with equal or higher affinity for the open-channel conformation than for the closed-channel form will not inhibit the receptor but will prevent the binding of these inhibitors. The laser-pulse photolysis experiment in Fig. 2 A shows that 500 M MK-801 is a powerful inhibitor of the receptor, decreasing the current amplitude by a factor of 5 (Bottom) compared with the control (Top). When 2-M aptamer II-3 is also present, the inhibition by MK-801 is essentially abolished (Middle). As is expected from Mechanism C, aptamer II-3 is at least as effective in relieving receptor inhibition at low (Fig. 3A) concentrations of the open channel as it is at high (Fig. 3B) concentrations. The observed dissociation constant of the aptamer is Ϸ320 Fig. 3 . Alleviation by aptamer II-3 of receptor inhibition by MK-801. The whole-cell current corrected for receptor desensitization was determined by the cell-flow technique (22) . At a constant concentration of carbamoylcholine, the ratio of the maximum current amplitudes obtained in the absence, A, and presence, A I, of a constant concentration of MK-801 was determined as a function of the concentration of aptamer II-3 (22°C, Ϫ60 mV, and pH 7.4). The cell was preequilibrated with aptamer II-3 for 2 s. Each data point represents the average of two to three experiments by using on the average two cells per point. Eq. III-A was used to evaluate K I(obs) and KA(obs), the observed dissociation constants of the inhibitor and the aptamer, respectively. nM at 100 M carbamoylcholine and Ϸ140 nM at 500 M carbamoylcholine. All of the 10 Class II aptamers tested exhibit similar properties (data not shown).
The experiments in Fig. 3C differ from those in Fig. 3A in that the cell was preequilibrated with 150 M MK-801 for 4 s before the measurements were made. The same carbamoylcholine concentration (100 M) was used in both experiments (Fig. 3 A  and C) . After this preequilibration for 4 s (Fig. 3C) , 33% of the receptors remained inhibited in the presence of 3 M aptamer II-3. When, however, the preequilibration period was 200 ms (Fig. 3 A and B) , all of the inhibition by MK-801 was relieved in the presence of 2 M aptamer II-3. These results can be understood in the light of transient kinetic results obtained previously (6) Fig. 1 ) to a receptor form that does not conduct ions was observed (6, 9, 29, 30) . Such a transition was first observed in single-channel current measurements (14) .
The experiments with RNA aptamers give additional information about the two inhibitory sites. The selection of the aptamers was carried out (32) with membrane fragments in which both the plasma and cytosolic sides of the receptor are exposed to the solution. We therefore suggest that the second inhibitory site for MK-801, the slowly equilibrating site, is within the cell membrane rather than on the cytoplasmic surface of the receptor and is, therefore, not accessible to the negatively charged RNA aptamers.
Earlier presteady-state kinetic measurements with cocaine (9) had revealed that less inhibition occurred when BC 3 H1 cells were equilibrated with cocaine for 70 ms than for 200 ms. These time intervals are too close to decide between one or two cocaine-binding sites on the basis of kinetic experiments.
The displacement of cocaine from the receptor by aptamer II-3 is illustrated in Fig. 4 . About 50% of the original receptor activity can be recovered when aptamer II-3 is used to displace cocaine. The observed K I value for cocaine that is not displaceable by this aptamer is 177 M (Fig. 4 legend) . By analogy with the results obtained with MK-801 and aptamer II-3, we suggest that cocaine, like MK-801, binds to more than one site on the receptor but competes with the aptamer for only one of these sites.
It is estimated that there are currently 14 million users of abused drugs in the United States alone [Substance Abuse and Mental Health Services Administration (1997) National Survey on Drug Abuse (Dept. Health and Human Services, Washington, D.C.)]. Many attempts have been made to find compounds, including the synthesis of hundreds of compounds, that will displace abused drugs, such as cocaine, from their sites of action on the monoamine transporters. So far, no compound has been found that is not also an inhibitor (11) .
Our approach for finding compounds that displace cocaine from the inhibitory site of the nicotinic acetylcholine receptor differs in that we first investigated the mechanism of inhibition. For this purpose, we developed two transient kinetic methods. In the cell-flow technique, the observed current amplitude is corrected for receptor desensitization (22) . The laser-pulse photolysis technique using caged neurotransmitters (23, 26 ; reviewed in ref. 25) allows elementary reaction steps of protein-mediated reactions on cell surfaces to be investigated with a microsecond-to-millisecond time resolution. It thus became possible to distinguish between alternative mechanisms of receptor inhibition. This allowed us to make a rational and successful search for ligands that bind to an inhibitory site on the AChR without affecting receptor activity but that can still displace inhibitors from the site.
The approach described can be applied not only to multisubunit proteins in which ligands can shift the equilibrium between existing protein conformations with different biological activities (41), like the AChR (42), but also to single-subunit proteins in which a ligand (for instance noncompetitive inhibitors) can induce a change (46) from an active to an inactive conformation. We hypothesize, therefore, that the mechanism-based approach described here will be applicable to the many proteins in which the equilibrium between active and inactive conformations is adversely affected by drugs (for instance, noncompetitive inhibitors) or by disease-causing mutations. Fig. 4 . Alleviation by aptamer II-3 of receptor inhibition by cocaine. The whole-cell current corrected for receptor desensitization was determined by using the cell-flow technique (22, 35) . At a constant concentration of 100 M carbamoylcholine, the ratio of the maximum current amplitude obtained in the absence, A, and presence, A I, of a constant concentration (150 M) of cocaine was determined as a function of the concentration of aptamer II-3. The cells were preequilibrated with aptamer II-3 for 2 s. Each data point represents the average of two to three experiments by using on the average two cells per point. Eq. III-A was used to evaluate K I(obs) ϭ 98 Ϯ 23 M; K II(obs) ϭ 177 Ϯ 40 M; and KA(obs) ϭ 0.7 Ϯ 0.1 M. The experimental conditions were as described in Fig. 2 legend and Materials and Methods.
Eq. II-A: In the laser-pulse photolysis experiments with BC 3 H1 cells containing muscle-type AChRs, the current rise time was observed to follow a single exponential rate law over 85% of the reaction (23, 24) . I t represents the observed current at time t, and I max represents the maximum current.
Eq.
II-B:
The relationship between the observed rate constant for the current rise k obs and k op , k cl , K 1 of the reaction scheme ( Eq. III-A: A and A I , respectively, represent the current maxima, corrected for receptor desensitization, measured in the absence and the presence of both the inhibitor and the aptamer. K I (obs) and K II (obs) represent the dissociation constants of the inhibitor from receptor sites at which it does or does not compete with the aptamer respectively. [Apt] represents the concentration of the aptamer and K A (obs) is the dissociation constant of the aptamer. In the absence of aptamer, A͞A I in Eq. III-A is a function of inhibitor concentration and K I (obs) and K II (obs). K II (obs) can be obtained from Eq. III-B.
Eq. III-B: In the presence of an inhibitory site with which the aptamer does not interact and when [Apt] ӷ K A , Eq. III-A becomes Eq III-B. K II (obs) can be calculated from Eq. III-B.
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